A lymphocyte proliferation assay was used to examine the helper T cell response to rotavirus in mice following parenteral immunization with the UK strain of bovine rotavirus. Mixed populations of lymphocytes prepared from spleen or peripheral lymph nodes were tested for proliferation in the presence of UK strain rotaviruses, prepared as cell culture lysates, ultracentrifuged (pelleted) lysates, sucrose-purified virus and caesium chloride-purified virus. Live rotavirus induced non-specific stimulation of lymphocytes, which was not observed in response to inactivated virus. Putative helper T cells of the L3T4+ phenotype were prepared as an enriched population from UK strain-immunized mice or grown in vitro as a polyclonal T cell line. The response of L3T4 +-enriched cells from mice immunized with inactivated virus was dependent on antigen-presenting cells (APCs). Cells obtained following immunization with live virus did not require further addition of APCs. The response of the L3T4 + T cell line was wholly dependent on APCs. UK strain-specific L3T4 + cells responded to whole UK rotavirus and to isolated VP6 of both UK and C486 rotavirus strains. The results indicate that virus-specific L3T4 + T cells are induced following rotavirus immunization and can respond to epitopes on VP6. UK strainprimed L3T4 + cells also responded to an avian rotavirus strain, Ch2, which shares only minimal serological cross-reactivity with the UK strain. T cell recognition of rotavirus may thus be broadly cross-reactive.
Introduction
Studies on rotavirus immunity and vaccine development are hindered by a lack of detailed knowledge of the protective immune response. Protection against rotavirus infection and disease is associated with specific neutralizing antibodies at the intestinal mucosal surface, whether these antibodies are acquired as a result of infection or administered orally (Snodgrass & Wells, 1978; Barnes et al., 1982; Davidson et al., 1989; Coulson et al., 1992) . In contrast, circulating antibodies are poorly protective (Snodgrass & Wells, 1978; Woode et al., 1975) . The role of cell-mediated immunity is less well defined and T celldeficient mice recover from rotavirus infection in a normal manner (Riepenhoff-Talty et al., 1987; Eiden et al., 1986) . However, the presence of cytotoxic T cells has been demonstrated following rotavirus infection in mice (Offit & Dudzik, 1988; Offit et al., 1991) , and lymphoproliferative responses to rotavirus in mice (RiepenhoffTalty et al., 1983) and humans (Totterdell et al., 1988; Yasukawa et al., 1990; Offit et al., 1992) show the existence ofa T helper cell response. Our aim in initiating these studies was to develop a model to study the T helper cell response to rotavirus, which could then be used to define this response in detailed cellular and virological terms.
One of the more intriguing aspects of rotavirus immunity has been the consistent demonstration of a heterotypic (cross-reactive to various viral serotypes) antibody response, usually following secondary rather than primary exposure (Briissow et al., 1988; Snodgrass et al., 1991 ; Green et al., 1990) . The induction of such a response in the intestine or in milk is obviously highly desirable for vaccine development, but it is not known whether the mechanisms responsible relate to the existence of minor B cell epitopes that are masked by immunodominant epitopes on primary infection, or to cross-reaction at the level of T helper cell epitopes (Snodgrass et al., 1991) . Ideally our model could also be used to address questions relating to the identity of such putative epitopes.
In initial experiments, mice were immunized with rotavirus by different routes. The proliferative responses of spleen and peripheral lymph nodes (PLN) of mice to bovine rotavirus UK strain antigens prepared to various degrees of purity were compared and the effects of virus inactivation by heat or u.v. irradiation on the in vitro response were tested. Virus-specific responses were also examined in populations of freshly isolated spleen cells, which were highly enriched for L3T4 + T cells. Finally, the specificity of an L3T4 + T cell line that had been raised against UK strain rotavirus was analysed by in vitro challenge with subviral particles of two bovine rotavirus strains, UK and C486, and also an avian rotavirus strain, Ch2. This virus shares some common B cell epitopes with UK rotavirus, but is more distantly related to UK than any mammalian group A rotavirus (Hoshino et al., 1984; Snodgrass et al., 1991). This rotavirus strain was selected so that putative cross-reaction with UK would be minimal with regard to both neutralization-specific and other epitopes.
Methods

Rotavirus antigens
(i) Rotavirus-containing cell lysates. Bovine UK strain rotavirus was propagated in MA104 cells . Cell culture lysates were obtained by thawing frozen flasks of rotavirus-infected cultures. Virus identity and purity were checked by PAGE of viral RNA (Herring et al., 1982) .
(ii) Partial purification and concentration of virus. Rotavirus was concentrated from 400 ml of clarified (5000 g for 30 rain at 4 °C) cell culture lysates by ultracentrifuge pelleting (80000g for 2 h at 4 °C) and resuspended in 3 ml of 20 mM-Tris-HCl pH 7-5 buffer containing 5 mM-calcium chloride.
(iii) Sucrose purification. Pelleted rotavirus was purified further by centrifugation (80000g for 2 h at 4 °C) through a 2.5 ml cushion of 40% (w/v) sucrose, washed twice in PBS by ultracentrifuge pelleting and resuspended in 1 to 1.5 ml of PBS containing 0.5 lag/ml gentamicin.
(iv) Caesium chloride purification. In some experiments, pelleted rotavirus was purified further by differential centrifugation on a fivestep caesium chloride gradient. Double-and single-shelled rotavirus particles were harvested from the gradient, pooled and then washed by ultracentrifugation as described above. Sucrose-purified preparations contained similar numbers of protein bands with the same clarity of resolution as caesium chloride-purified preparations when compared by PAGE (data not shown).
(v) Reassembled and recombinant VP6. Reassembled VP6 was prepared from cell culture-derived UK strain rotavirus according to the method of Ready & Sabara (1987 (1991) . Cloned gene 6 DNA of C486 strain rotavirus was ligated into the baculovirus transfer vector pAc373 and then integrated into the genome of the baculovirus Autographa californica nuclear polyhedrosis virus by recombination in Spodopterafrugiperda (Sf9) cells. Recombinant baculovirus containing gene 6 was used to infect Sf9 cells. Following incubation at 27 °C for 72 h, the cells were lysed in 2 ml of NaHCO z buffer pH 7-5 containing 0-05 % Triton X-100 and 0.2 units/ml of the trypsin inibitor aprotinin. After removal of cellular debris by centrifugation, the supernatant was dialysed against 0-1 M-glycine buffer pH 2.4 for 24 h and then the pH was adjusted by buffer exchange. The material was finally suspended in citrate buffer pH 5.0.
(vi) Assay of infectivity. Viral infectivity titres were determined as fluorescent focus units (f.f.u.) per ml .
(vii) Characterization of virus proteins. Virus preparations were analysed by PAGE using 10% resolving gels according to a standard method based on that of Laemmli (1970) . Gels were either stained directly with Coomassie blue or were used for Western blotting according to the methods of Towbin et al. (1979) and Birk & Koepsell (1986) .
Rotavirus inactivation
(i) Inactivation by u.v. irradiation. Rotavirus, prepared in PBS, was dispensed into tissue culture dishes and exposed to u.v. light from a bactericidal lamp (Hanovia Lamps). The time of exposure (45 min to 1 h) at 12 cm from the source was calculated as the shortest possible time resulting in total loss of infectivity of virus in MA104 cells and degradation of RNA as visualized by loss of resolution in polyacrylamide gels. Analysis of u.v.-inactivated virus proteins by PAGE and Western blotting under non-reducing conditions showed loss of protein at bands associated with VP4 and VP7 (data not shown).
(ii) Inactivation by psoralen treatment with exposure to u.v. B irradiation. In some experiments, virus was inactivated by treatment with the photoreactive compound psoralen (4'-aminoethyl-4,5',8-trimethyl psorale~HC1; HRI Associates) at 5 gg/ml and subsequent exposure to u.v. B (long wavelength u.v.) irradiation according to the method of Groene & Shaw (1992) . This method has been shown to preserve the antigenicity of VP4 and VP7 for monoclonal antibodies. Total loss of infectivity of MA104 cells was achieved after 20 min of exposure. PAGE revealed a degree of protein loss in bands appropriate to VP4 and VP7 (Fig. 1 ). Psoralen at 5 lag/ml had no effect on lymphocyte proliferation (data not shown).
(iii) Inactivation by heat. In some experiments rotavirus was inactivated by heating at 50 °C for 30 min.
(iv) Protein estimation. The protein concentrations of viral antigen preparations were estimated using Pierce BCA Protein Assay reagents (Life Science Laboratories).
Mouse immunizations. Adult male and female BALB/c and C57BL mice were injected with 0.1 to 0-2 ml of a preparation of live infectious virus emulsified in Freund's complete adjuvant. Mice whose cells were used to derive T cell lines were injected with virus without adjuvant. Between 105.5 and 10 °8 f.fm. were routinely administered by the intraperitoneal (i.p.) route or subcutaneously (s.c.) into the inguinal region. In one experiment, inactivated virus was prepared as 28 lag of CsCl-purified virus per mouse, with a pre-inactivation titre of 107 f.f.u. per mouse. Preimmunization sera for all mice were tested for rotavirus antibody titre by an indirect immunofluorescence assay, and were uniformly negative (titre of less than 10). Virus neutralizing titres to UK strain virus in sera, 1 week after primary immunization, were determined by a 60 % fluorescent focus reduction assay .
Preparation of lymphoid cells'
(i) Spleens. Mouse spleen cell suspensions were prepared from a pool of two to four spleens by mechanical dissociation of the tissue in sterile wash medium ]Hanks' balanced salts solution containing 2 % fetal calf serum (FCS), penicillin (100 units/ml), streptomycin (100 IJg/ml) and 10 units/ml of preservative-free heparin (Sigma)]. Splenic erythrocytes were lysed using 0.83 % ammonium chloride. Trypan blue dye exclusion was used to identify viable cells.
(ii) PLN cells. In a similar manner, PLN cell suspensions were prepared from pooled inguinal and popliteal lymph nodes of s.c. immunized mice and from pooled inguinal, popliteal and para-aortic lymph nodes of i.p. immunized mice.
(iii) Antigen-presenting cells (APCs). Spleen cells were prepared from naive syngeneic mice as described above. Cells at l0 G per ml were incubated overnight with virus inactivated with psoralen plus u.v. B irradiation. These cells were then exposed to 3000 rad of irradiation in order to prevent them from dividing in proliferation assays. APCs did not proliferate in vitro upon subsequent exposure to antigen (data not shown).
(iv) L3T4-enrichedspleen cells. T cells were separated from spleen cell suspensions by means of nylon wool columns. The T cell-enriched population was further enriched for L3T4 + T cells by panning according to the method of Wysocki & Sato (1978) on Petri dishes coated with affinity-purified rat IgG anti-mouse L3T4 monoclonal antibody. The L3T4-adherent population obtained after one round of panning was analysed by indirect immunofluorescence staining with rat anti-mouse monoclonal antibodies specific for Thy1.2, Lyt2 (CD8) and L3T4 (CD4). Hybridomas producing the mouse-specific monoclonal antibodies were obtained from Dr. Lorna Fyfe (University of Edinburgh, U.K.). Stained cells were analysed by means of a fluorescence-activated cell sorter (FACS) scan. The L3T4-enriched populations contained between 75 and 97 % L3T4 cells.
Lymphocyte proliferation assay. Lymphocytes were suspended at 10 ~ cells per ml in RPMI 1640 medium which was supplemented with 10 % FCS, 1 mM-glutamine, 50 pM-2-mercaptoethanol, 25 mM-HEPES, 0.08% (w/v) sodium bicarbonate, 100 units/ml penicillin and 100 ~tg/ml streptomycin (complete RPMI). FCS was prescreened for antibodies against bovine rotavirus strain U.K. The cells were dispensed at 200 ~1 per well into 96-well flat-bottomed tissue culture plates. Antigens or mitogens were added to triplicate cultures in 20 ~tl volumes. Optimum antigen doses were selected as the lowest concentration of antigen producing maximal stimulation of the cells. Results obtained with an equivalent dilution of control preparations were selected for comparison. For different batches of virus, optimum doses were within one 10-fold dilution of variation. In experiments with purified virus measured in ~tg of protein, the optimum dose for each batch was tested in control experiments using a range of concentrations from 0.001 lag/ml to 10 ~tg/ml. The optimum dose was then incorporated as a positive control in subsequent experiments. The T cell mitogen concanavalin A (ConA) was used as a proliferation control at an optimum 10 lag/ml of culture. Ovalbumin (Sigma) was included as a specificity control.
After 4 days in culture at 37 °C with 5% CO 2 in a humidified incubator, the cells were pulse-labelled for 18 h with 0.1 gCi per well of tritiated thymidine (Amersham). The cells were then harvested using an Automash 2000 cell harvester (Dynatech Laboratories) and c.p.m. determined by scintillation counting. Results were expressed as mean c.p.m, and a stimulation index (S.I.) was calculated as the c.p.m, in stimulated cultures divided by the c.p.m, in cultures containing only cells and medium. The S.D.S between c.p.m, in sets of triplicates within experiments were determined on computer by two-tailed t-tests using Minitab software. The results reported are representative of typical experiments. Proliferation assays using freshly isolated cells were repeated several times with similar outcomes. Assays using L3T4-enriched cells and the T cell line were repeated three times with similar results.
Rotavirus-specific T cell line. PLN cells were prepared from mice 3 days after a single s.c. injection of live, sucrose-purified rotavirus. The cells were suspended in Iscove's modification of Dulbecco's medium supplemented with 10 % FCS, 1 mM-glutamine, 100 units/ml penicillin and 100 gg/ml streptomycin and were stimulated with 1 lag/ml of sucrose-purified UK strain virus, inactivated by treatment with psoralen and u.v. B irradiation. Following this first stimulation, the cells were seeded at 2 x 10 s cells per ml, grown in the presence of 20 units/ml of recombinant human interleukin 2 (IL-2) (BoehringerMannheim) for 1 week and then restimulated with inactivated virus in the presence of APCs at a ratio of 10 per T cell. After three cycles of antigen stimulation and expansion in IL-2, the cell line was more than 99% L3T4 +, confirmed by FACS analysis (data not shown) and responded to antigen only in the presence of APCs.
Results
Lymphocytes respond non-specifically to infectious rotavirus
Groups of mice were left untreated as controls (group 1) or were immunized with rotavirus by either the s.c. (group 2) or i.p. (group 3) route. Preimmunization sera from all the mice were tested for rotavirus-specific antibodies using a fluorescence test and were all found to be negative. Similarly, sera from unimmunized control mice did not contain rotavirus-specific antibodies. All i.p. immunized mice were found to have seroconverted when bled 1 week after immunization with an average serum neutralizing antibody titre of 1 / 160 (range of 1/40 to 1/320).
Two weeks after primary immunization, spleen and PLN cells were tested for proliferation in response to rotavirus. The remaining mice were given a secondary challenge with virus by either the s.c. (group 4), i.p. (group 5) or intravenous (i.v. ; group 6) route. One group of mice were given secondary and tertiary challenges with virus i.v. (group 7). In each group, cells were tested at 2 weeks after the final challenge and the responses of immunized mice were compared to those of unimmunized controls.
Ranges of dilutions of lysates from infected and noninfected cells were tested to assay the proliferative responses of PLN and spleen cells from unimmunized and immunized mice (Table 1 ). An important finding was that PLN and spleen cells of unimmunized mice 4'19 (P < 0"01) 19196 6'56(P < 0"01) * Rotavirus-infected culture lysate, 10 f.f.u./ml. t Non-infected lysate. :~ nd, Not determined. proliferated in response to live rotavirus (group 1). At 2 weeks following immunization there was a higher level of proliferation of PLN cells in response to rotavirus (groups 2 and 3) than in the unimmunized controls. Mice immunized by the i.p. route (group 3) tended to produce higher background c.p.m, in unstimulated PLN cultures, and boosted mice (groups 4, 5, 6 and 7) also had high background c.p.m, in PLN cells at 2 weeks post-boost, indicating the presence of activated cells at the start of the assay. This high background stimulation effectively masked detection of a virus-specific response.
A characteristic of whole spleen lymphocyte populations was the high background c.p.m, in unstimulated cultures. It was not possible to reduce this by culturing the cells in medium containing a low percentage of normal mouse serum (data not shown). Spleen cells obtained following i.p. immunization with (group 5) and without i.p. boosting (group 3) or following i.p. immunization with two subsequent i.v. boosts (group 7) proliferated in response to virus-containing lysate and also to control lysate. Since lysates were used as the immunizing antigen it was not unexpected that the mice would also respond to non-viral components of the lysate.
An unexpected finding was that the response to ConA was suppressed in both spleen and PLN cells after i.p. immunization and with subsequent boosting. It was thus difficult to conclude that the virus-induced stimulation of these cells in vitro was representative of T cell activity.
Inactivation of rotavirus prevents stimulation of nonimmune lymphocytes
In an attempt to prevent non-specific proliferation of lymphocytes when cultured with live rotavirus, virus preparations were inactivated by exposure to u.v. light. This method was chosen in preference to chemical fixation or heat treatment which have detrimental effects on protein structure. In addition, virus for use in vitro was pelleted from cell culture lysates by ultracentri- t Cells from unimmunized mice tested with live pelleted virus with an infectivity titre of 104.9 f.f.u./ml and cells from immunized mice tested with live pelleted rotavirus at 105.4 f.f.u./ml.
:~ Pelleted rotavirus inactivated by u.v.-irradiation.
fugation to remove some of the non-viral components and thus minimize non-virus-specific proliferation in cultures derived from lysate-immunized mice. Table 2 shows the responses of PLN cells from naive mice and mice immunized and boosted by the i.p. route. Lymphocytes were obtained 2 weeks after boosting and stimulated with either live or inactivated virus. A range of antigen doses was tested and the responses to optimum doses of antigen are shown. Only cells from immunized mice proliferated in response to u.v.-inactivated virus. The level of proliferation was lower than that observed in response to live virus. Thus, inactivation of rotavirus by u.v. irradiation removes its non-specific stimulatory properties.
Effect of APCs on proliferation of L3T4-enriched cells from mice immunized with live or inactivated virus
In order to confirm that T helper cells proliferate in response to rotavirus in vitro, L3T4-enriched cells were prepared from spleens of immunized mice. To minimize induction of responses to non-viral components in lysates, mice were immunized and boosted with either live or inactivated caesium chloride-purified virus. In addition, a more purified whole virus preparation for use as a test antigen in vitro was prepared by ultracentrifugation of virus through a sucrose cushion.
L3T4 + cells recognize antigen peptides bound by major histocompatibility complex (MHC) class II molecules on the surface of APCs. Since enrichment of L3T4 + T cells would have resulted in an effective reduction or loss of other cell types including APCs, irradiated spleen cells were added to some cultures as a source of APCs. The results are shown in Table 3 . Lymphocyte proliferation following immunization with live virus (group 2) was unaffected by adding extraneous APCs. In contrast, the response of L3T4-enriched cells from mice immunized with inactivated virus (group 3) was dependent on the addition of APCs to the cultures. This suggests that residual APCs in the L3T4-enriched population from mice immunized with live rotavirus are more effective than in mice immunized with inactivated virus. This in turn suggests that APCs are activated by live rotavirus in vivo whereas inactivated rotavirus is probably handled in vivo in the manner of a biologically inert protein antigen. L3T4-enriched spleen cells from 127144 30-69(P < 0-01) (UK) Native VP6 16690 4-03 (P < 0.01) (C486) Recombinant 15614 3.77(P < 0-01) VP6 (C486) Ovalbumin 8524 2-06(P < 0.01) * All antigens at 1 gg/ml. t Sucrose-purified, psoralen-and u.v.-inactivated.
unimmunized mice were also tested (group 1) and no response was invoked by either u.v.-inactivated or live sucrose-purified virus. This was unaffected by the presence of APCs and thus implies that spleen cells that exhibit non-specific proliferation in the presence of live virus are present in limiting frequency in the L3T4-enriched population.
Heat inactivation was as effective as u.v. inactivation at removing the unspecific stimulating effects of live rotavirus on proliferation, but it also reduced the specific proliferative response (Table 3 , group 2). This may imply that some helper T cell epitopes are discontinuous.
Recognition of UK strain rotavirus virions, subviral particles and of a serologically distinct strain of rotavirus by a UK-specific L3T4 + T cell line
To begin to address relationships between rotavirus strains at the level of T cell recognition, a UK strainspecific polyclonal T cell line was developed. The response of this cell line was initially tested against whole virions of sucrose-purified UK and Ch2 strains of rotavirus. In a second series of experiments the response was tested in the presence of three preparations of VP6, native reassembled VP6 of UK and C486 strains and recombinant VP6 of strain C486. Strain C486 is a G6P1 isolate from Canada (Carpio et al., 1981) . The nature of these viral antigens was confirmed by Western blotting (data not shown). Ovalbumin was included as an inert non-specific control antigen. The results obtained with optimum antigen doses are summarized in Table 4 . The T cell line responded to Ch2 strain rotavirus in spite of its substantial differences in terms of serology. Furthermore, a strong proliferative response was induced in vitro by UK strain VP6 but weaker responses were observed with C486 strain VP6. A low-grade response to VP6 of C486 has been observed previously in an experiment with freshly isolated L3T4-enriched spleen cells from UK strain-immunized mice (M. Bruce, unpublished results).
Discussion
The aim of the reported experiments was to identify and study helper T cell responses to rotavirus with a view to elucidating the fine specificity of rotavirus-specific T helper cells. We have defined experimental systems to assay proliferation of T helper cells in response to viral antigens in vitro and have compared the effects of live and inactivated virus, prepared to different degrees of purity. We have also identified experimental situations in which cellular proliferation is not wholly indicative of T helper cell presence or activity. For example, live rotavirus preparations used to stimulate lymphocyte cultures induced proliferation of cells from non-immune animals. This suggests that cells that proliferate in vitro in the presence of live rotavirus can include non-immune cells and cells that are not of the T helper phenotype (CD4 + or L3T4 + in mice). This proliferation in response to live rotavirus may be related to stimulatory effects of the viral RNA. Synthetic RNA has been used for this purpose by others (Sehgal et al., 1977) . Inactivation by exposure to u.v. radiation destroyed the integrity of rotavirus RNA in our experiments and those of others (Smirnov et al., 1991) and also removed the non-specific stimulatory effects of the virus when assayed on nonimmune cells.
When responses of cells from immunized mice were compared using live and u.v.-inactivated virus in vitro, the inactivated virus always produced a lower level of proliferation than that seen with live virus. Quantitative loss of relevant antigens cannot be ruled out in these experiments with inactivated virus. However, it may be that the increased response of immunized subjects to live virus reflects a degree of unspecific proliferation. In this regard, assays using mixed populations of cells such as peripheral blood leukocytes stimulated by live rotavirus should be interpreted with caution, particularly in human subjects with previous rotavirus exposure. In similar studies on human peripheral blood leukocytes, Yasukawa et al. (1990) observed that u.v.-inactivated rotavirus always produced less proliferation than live virus.
Experiments with L3T4-enriched cell populations demonstrated that L3T4 ÷ T cells are induced by parenteral immunization with rotavirus and will proliferate when challenged with virus in vitro. Cells from mice immunized with live virus did not require additional APCs in order to proliferate. Cells from mice immunized with inactivated virus were dependent on additional APCs. In experiments with influenza virus, Morrison et al. (1988) found that live virus induced MHC class Irestricted cytotoxic T cell responses whereas u.v.-inactivated virus induced MHC class II-restricted cytotoxic T cells that expressed the L3T4 cell surface marker. In our experiments, the APC-dependence of L3T4 + cells from mice immunized with inactivated rotavirus suggests the induction of an MHC class II-restricted T cell response. Further detailed study of antigen presentation in rotavirus-immunized mice should clarify this result. APCs may be activated to a greater extent by live rotavirus than by u.v.-inactivated virus. In support of this explanation, rotavirus-primed peripheral blood leukocytes stimulated by rotavirus in vitro were found to have enhanced expression of Ia antigen on the cell surface (Yasukawa et al., 1990) . These antigens are directly involved in antigen presentation. In addition, dsRNA in the live virus antigen preparations could result in stimulation of APCs. These arguments may be applied to the experiments reported here using whole spleen or PLN cell populations. High background c.p.m, were invariably observed in whole-spleen cell cultures from mice immunized with live rotavirus. Compared to lymph nodes, the spleen contains a higher proportion of B cells and classical APCs, all of which express Ia antigen and can function in antigen processing and presentation.
Initial experiments aimed at analysing the fine specificity of L3T4 + T cell responses in animals primed with a single strain of rotavirus were carried out using freshly isolated L3T4-enriched spleen cells and an L3T4 + T cell line. Rotavirus VP6 from both UK and the cross-reactive strain C486 was able to stimulate proliferation of L3T4 cells, indicating the presence of helper T cell epitopes on rotavirus VP6. T cell epitopes may be conserved among widely differing rotavirus strains, as shown by the proliferation to the avian strain Ch2.
In some experiments, suppression of responsiveness to the mitogen ConA was observed. Virus-induced immune suppression of humoral and/or cellular immune responses has been reported in many other systems (Pahwa et aI., 1985; Specter et al., 1989; Moskophidis et al., 1992) and mechanisms that have been suggested include induction of immunosuppressive factors, release of antiviral or immunoregulatory cytokines and suppression mediated by virus-specific cytotoxic T cells. Our observation calls into question whether the rotavirusinduced proliferation in ConA-unresponsive cell populations was actually T cell-mediated. However, the L3T4 + T cell line also lost the ability to respond to ConA but was undiminished in its response to rotavirus. Further experiments to examine the responses of these cells to a variety of mitogens should help to elucidate this unusual finding. In view of the observation that MHC class IIrestricted L3T4 + T cells with a cytotoxic function are induced in response to other viruses such as influenza virus (Morrison et al., 1988) , functional characterization of the rotavirus-specific T cell line will be very important.
Finally, all our experiments were conducted using cells from parenterally immunized mice. McNeal et al. (1992) have reported that i.p. immunization of mice with murine rotavirus induced protection to subsequent oral challenge and Conner et al. (1993) have shown induction of an intestinal antibody response following parenteral administration of rotavirus to rabbits. This would suggest that appropriate epitopes are presented by antigen processing of parenterally administered virus relative to intestinal antigen processing. Further experiments on the specificity of intestinally derived rotavirusspecific T cells should serve to address this hypothesis. It is nevertheless tempting to speculate that T cells derived with a minimum of technical difficulty following simple parenteral immunization can be used to define rotavirus epitopes of clinical significance.
